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XEROPHTHALMIA 
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Malnutrition  is  highly  prevalent  in  most  developing  countries.  On 
visiting  paediatric  wards  in  tropical  and  subtropical  regions,  one  can 
observe  many  cases  of  severe  malnutrition  which  are  being  treated  and 
are  eventually  rehabilitated  after  several  weeks  of  treatment.  In  South- 
East  Asia  it  is  not  rare  for  a  young  child,  whose  eyes  have  lost  their 
normal  shine  and  look  dry,  to  be  admitted  to  the  hospital  because  of 
malnutrition.  If  the  physician  does  not  pay  attention  to  the  condition  of 
the  child's  eyes,  and  prescribes  the  usual  treatment  based  on  a  high 
energy  and  protein  intake,  the  child's  general  condition  will  usually 
improve  quite  rapidly,  but  the  child,  however,  will  keep  its  eyes  closed 
as  if  bothered  by  light.  On  closer  inspection  one  will  notice  that  the 
corneas  are  partially  or  totally  destroyed.  Irreversible  eye  changes  oc- 
cur without  arousing  the  attention  of  the  nursing  staff  if  they  have  not 
been  properly  trained  to  identify  the  condition.  This  is  keratomalacia, 
one  of  the  major  causes  of  childhood  bhndness  in  the  world  today.  It 
may  affect  as  many  as  100,000  children  every  year,  with  all  the  social 
and  economic  consequences  and  human  suffering  it  implies.  The  dis- 
ease is  due  to  a  deficiency  of  vitamin  A.  In  its  most  severe  form  it  is 
usually  associated  with  protein— energy  malnutrition  or  an  infectious 
disease  such  as  measles. 

Since  most  of  the  manifestations  of  vitamin  A  deficiency  in  man  are 
observed  in  the  eye,  one  uses  the  term  of  xerophthalmia  to  describe  the 
resulting  clinical  condition.  It  includes  the  symptoms  of  night  blind- 
ness, xerosis  of  the  conjunctiva  and  of  the  cornea,  Bitot's  spot  and 
keratomalacia.  It  is  believed  that  Celsus,  who  lived  between  25  BC  and 
50  AD,  was  the  first  to  use  the  term  xerophthalmia.  The  condition, 
however,  was  known  long  before  and  it  is  probable  that  the  Ebers 
papyrus,  which  were  written  about  1600  BC  in  Egypt,  referred  to  night 
blindness  when  they  recommended  liver  for  the  treatment  of  the  eyes. 
At  about  the  same  time  Chinese  physicians  cured  night  blindness  with  a 
mixture  containing,  among  other  ingredients,  liver,  which  we  know 
today  is  a  rich  source  of  vitamin  A.  The  therapeutic  value  of  liver  was 
also  known  to  the  Romans.  Night  blindness  was  widespread  in  Europe 
in  the  middle  ages  and  the  French  physician  Jacques  Guillemeau  gave 
an  excellent  description  of  the  condition  in  1585.  At  about  the  same 
time  the  Dutch  poet  Jacob  Van  Maerland  obviously  referring  to  night 
bhndess  wrote  the  following  lines : 

"He  who  cannot  see  at  night 
Must  eat  the  liver  of  the  goat. 
Then  he  can  see  alt  right. " 
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Good  descriptions  of  xerosis  of  the  conjunctiva  and  the  cornea  were 
given  during  the  19th  Century  and  the  French  physician,  Bitot, 
described  in  1863  the  conjunctival  spot  which  bears  his  name.  In  1860, 
Hubbenet,  was  probably  the  first  to  describe  the  lesion  in  soldiers  and 
prisoners  of  war  during  the  Crimean  war.  The  dietary  origin  of  night 
Mindness  was  noticed  by  Hicks  in  the  United  States  in  1867  from 
observations  made  on  soldiers  of  the  Confederate  Army. 

Besides  eye  lesions,  very  little  is  known  about  other  damage  that  may 
occur  in  man.  If  we  refer  to  animal  studies,  growth  could  be  impaired 
and  a  greater  frequency  of  respiratory  and  urinary  infections  could  also 
be  expected. 

I.  CLINICAL  AND  BIOCHEMICAL  CHANGES 
1 .  Eye  Changes 

Night  blindness 

Difficulty  for  the  eyes  to  adapt  to  the  dark,  eventually  resulting  in 
night  bhndness,  is  the  first  symptom  of  vitamin  A  deficiency.  It  is  due  to 
the  impairment  of  the  retina's  rod  cells.  This  may  be  detected  by  several 
methods,  but  unfortunately  none  of  these  are  applicable  to  pre -school 
age  children  because  the  patients'  full  cooperation  is  essential.  Changes 
in  the  appearance  of  the  fundus  are  often  associated  with  night  blind- 
ness and  are  often  indicative  of  a  chronic  deficiency  state.  The  changes 
consist  of  multiple  lesions,  scattered  along  the  course  of  the  vessels, 
which  may  be  white,  yellowish  or  even  reddish-brown. 

Conjunctival  xerosis 

This  lesion  is  characterized  by  dryness,  loss  of  transparency,  thicken- 
ing, wrinkling  and  pigmentation  of  the  conjunctiva.  It  is  usually  diffi- 
cult to  correctly  differentiate  the  normal  conjunctiva  from  a  xerotic  one 
and  there  is  a  tendency  to  overdiagnose  this  type  of  lesion. 
Bitot's  spot 

Although  it  may  take  many  forms,  the  most  common  is  a  small 
plaque  with  a  silver  grey  hue  and  a  foaming  surface:  it  is  quite  superfi- 
cial and  is  raised  above  the  level  of  the  conjunctiva.  It  is  more  or  less 
easily  removed,  revealing  a  xerotic  conjunctival  bed  with  a  rough  sur- 
face. The  lesion  is  frequently  bilateral  and  usually  located  on  the  tem- 
poral side  of  the  eye.  The  association  of  Bitot's  spot  with  conjunctival 
xerosis  is  typical  of  vitamin  A  deficiency.  It  occurs  usually  in  young 
children  who  may  also  suff'er  from  night  blindness.  Bitot's  spots  may 
also  be  observed  in  the  absence  of  xerosis  in  adolescents  or  adults  in 
which  case  they  may  not  respond  to  vitamin  A  therapy  and  are  not  an 
indication  of  vitamin  A  deficiency.  It  should  also  be  noted  that  Bitot's 
spots  are  not  necessarily  an  intermediate  stage  in  the  progression  of  the 
disease  towards  keratomalacia  and  blindness. 
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Corneal  xerosis 

Xerosis  of  the  cornea  usually  follows  conjunctival  xerosis.  The  cor- 
neal surface  has  a  rough,  fine-"pebbly"  appearance  and  lacks  lustre.  At 
a  later  stage,  the  cornea  may  become  hazy  with  a  bluish,  milky  appear- 
ance accentuated  in  the  lower  central  part. 

Corneal  ulceration  with  xerosis 

Ulceration  may  of  course  result  from  many  causes,  but  in  this  case  we 
refer  only  to  that  accompanied  by  xerosis.  It  involves  the  partial  or 
whole  loss  of  substance  of  the  corneal  thickness,  with  only  mild  signs  of 
inflammation  or  of  a  reaction.  The  lesion  leaves  an  irreversible  residual 
defect,  a  scar  that  will  affect  vision. 

Keratomalacia 

This  is  characterized  by  a  softening  of  a  part,  or  more  often  the 
whole,  of  the  cornea,  leading  to  deformation  or  destruction  of  the 
eyeball.  The  process  is  a  rapid  one;  in  very  young  children,  keratomala- 
cia may  rapidly  develop  in  the  absence  of  the  characteristic  conjunctival 
changes.  It  has  been  suggested  that  vitamin  A  deficiency  alone  is  not 
responsible  for  keratomalacia  and  that  additional  factors  are  involved, 
such  as  protein-energy  malnutrition  or  a  local  infection.  PEM  common- 
ly, if  not  invariably,  accompanies  keratomalacia.  The  general  nutrition- 
al state  of  the  child  degenerates  "pari  passu"  with  the  ocular  manifesta- 
tions. However,  one  should  remember  that  in  controlled  animal  experi- 
mentation, vitamin  A  deficiency  alone  can  produce  keratomalacia. 
Therefore  the  condition  can  exist  in  the  absence  of  protein-energy 
malnutrition,  although  this  rarely  occurs  in  humans. 

Corneal  scar 

The  causes  of  corneal  scars  are  varied,  but  in  some  cases  all  the 
circumstantial  evidence  will  point  to  the  fact  that  keratomalacia  caused 
the  scarring.  An  onset  between  6  months  and  5  years  of  age,  in  the 
presence  of  generalized  malnutrition  and  in  the  absence  of  any  known 
trauma  or  purulent  discharge,  is  good  evidence  that  keratomalacia  was 
probably  responsible  for  the  corneal  scar. 

2.  Biochemistry 

Biochemical  changes  occur  in  avitaminosis  A,  and  appear  more 
rapidly  in  young  children  because  of  their  initial  smaller  store  and  their 
relatively  greater  requirements.  The  biochemical  changes  precede  the 
clinical  ones.  The  commonly  used  tests  are  the  determinations  of  vita- 
min A  in  the  plasma  and  in  the  liver.  It  is  generally  admitted  that  10  to 
20  microgrammes  of  vitamin  A  per  100  ml  of  plasma  is  a  low  level,  but 
this  must  be  interpreted  with  caution  in  view  of  the  many  factors 
besides  a  low  vitamin  A  intake  that  may  be  responsible  for  it.  A  level  of 
less  than  10  meg/ 100  ml  is  indicative  of  a  deficiency  state.  This  tends  to 
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be  universally  associated  with  a  low  hepatic  store  of  vitamin  A  and  an 
increased  prevalence  of  chnical  signs  of  deficiency. 

Well  nourished  individuals  with  good  liver  stores  of  vitamin  A,  when 
placed  on  a  vitamin  A  free  diet  are  slow  to  develop  vitamin  A  deficiency 
and  the  first  chnical  signs  may  appear  only  after  several  months.  This 
was  extensively  investigated  by  the  British  Medical  Research  Council 
during  the  last  war.  Twenty-three  subjects  were  studied  for  periods 
ranging  from  6V2  to  25  months.  It  took,  on  average,  8  months  on  a 
vitamin  A  free  diet  before  the  plasma  vitamin  A  began  to  fall.  Troubles 
of  dark  adaptation  appeared  after  12,  13  and  20  months  in  only  three 
subjects  out  of  16  who  continued  to  participate  in  the  experiment  for 
sufficiently  long  a  period  and  these  showed  unexpected  seasonal  fluc- 
tuations. 

Most  of  the  vitamin  A  is  stored  in  the  liver  and  a  low  level  is  an 
indication  of  poor  protection  and  increased  risk  of  avitaminosis.  It  is 
considered  that  a  suitable  period  of  protection  may  be  100  days,  which 
corresponds  to  20  mcg/g  of  vitamin  A  in  the  hver  in  a  child  and  10 
mcg/g  in  an  adult. 

Early  detection  of  vitamin  A  deficiency  or  of  the  ocular  lesions  of 
xerophthalmia  is  difficult.  There  is  no  simple  method  of  measuring  the 
vitamin  A  status  at  present  and  the  early  eye  lesions  are  difficult  to 
identify  with  precision  and  accuracy.  Their  sensitivity,  specificity  and 
predictive  value  are  questionable. 

II.  ASSESSMENT  IN  THE  COMMUNITY 

A  preliminary  assessment  of  the  vitamin  A  situation  in  the 
community  can  be  done  by  carrying  out  a  qualitative  survey  of 
the  dietary  intake.  The  diet  of  the  mother  and  her  young  child  is 
clearly  of  great  importance  in  the  pathogenesis  of  the  disease. 
Preformed  vitamin  A  exists  only  in  animal  tissues  and  especially  in  the 
liver  and  to  some  extent  in  the  milk.  Provitamin  A,  in  the  form  of 
various  carotenes,  is  present  in  green  leafy  vegetables  and  in  some 
yellow  vegetables  and  fruits  such  as  mangoes,  carrots,  and  papaya.  Red 
palm  oil  is  also  a  rich  source  of  carotene.  Animal  sources  of  preformed 
vitamin  A  are  expensive  and  among  lower  socio-economic  groups  the 
intake  is  mainly  in  the  form  of  carotene  precursors  from  plant  sources. 
Populations  with  a  low  intake  of  animal  products  hving  in  dry,  arid 
regions  where  green  vegetables  are  scarce  are  therefore  likely  to  devel- 
op xerophthalmia;  this  is  the  case  with  populations  living  in  the  Sahe- 
han  countries  such  as  Upper  Volta,  Niger,  Chad  and  Mah.  On  the  other 
hand,  populations  living  in  the  tropical  forests  of  Central  Africa  where 
palm  oil  is  produced  and  consumed  regularly  are  well  protected  against 
the  risk  of  avitaminosis  A.  Paradoxically,  in  Java,  where  palm  oil  is 
produced  in  large  quantities,  the  population  will  present  one  of  the 
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highest  rates  of  prevalence  for  xerophthalmia  in  the  world.  Because  it 
has  an  unpleasant  flavour,  red  palm  oil  is  not  traditionally  consumed. 

If  one  looks  at  the  epidemiology  of  the  avitaminosis.  it  is  obvious  that 
the  disease  and  especially  the  most  severe  forms  are  observed  with  the 
greatest  frequency  in  pre-school  age  children.  In  highly  endemic  areas, 
older  and  vounger  children  are  also  aff'ected  and  occasional  cases  are 
seen  in  pregnant  and  lactating  women  and  in  other  people  at  special 
nutritional  risk.  Chronically  undernourished  children  who  have 
suffered-  repeated  infections  or  the  severe  form  of  measles  common  in 
manv  developing  countries,  are  especially  prone  to  xerophthalmia. 

Boys  are  at  greater  risk  than  girls.  Breast  milk  fed  children  are  better 
protected.  It  is  important  that^skimmed  milk  be  fortified  because  in 
some  instances  where  it  was  devoid  of  vitamin  A  and  used  in  infant 
feeding,  it  has  led  to  epidemics  of  xerophthalmia.  Consequently  WHO 
and  UNICEF  have  recommended  that  it  should  always  be  fortified 
with  vitamin  A  (and  vitamin  D.  incidentally)  when  intended  for  supple- 
mentary feeding  programmes.  The  ver}'  low  fat  intake  which  is  some- 
times o'bser\"ed  in  tropical  dietar}'  patterns  may  cause  poor  absorption 
of  carotene  and  has  been  suspected  as  a  major  cause  of  xerophthalmia, 
as  in  Rwanda.  Seasonal  variations  in  the  prevalence  are  commonly 
obser\'ed  and  can  be  related  to  the  dietary  intake  or  to  seasonal  epidem- 
ics of  infectious  diseases  such  as  measles  or  gastro-enteritis.  As  indicat- 
ed before,  the  more  severe  forms  of  xerophthalmia  are  usually  associat- 
ed with  PEM.  This  is  frequently  observed  in  South-East  Asia. 

III.  PREVALENCE 

Xerophthalmia  was  epidemic  in  Europe  until  the  beginning  of  the 
20th  Centur}-.  One  of  the  last  epidemics  was  reported  in  Denmark 
during  the  First  World  War.  Although  Denmark  produced  dairy 
products,  most  of  the  butter  was  shipped  to  Germany  during  the  war 
and  substituted  by  margarine  for  local  consumption.  Milk  and  butter 
became  almost  unavailable  to  the  poor  strata  of  the  society.  Conse- 
quently severe  cases  of  xerophthalmia  developed  in  young  children 
from  less  privileged  groups  of  the  population.  Butter  and  dairy  product 
rationing  improved  the  situation  toward  the  end  of  the  war  but  it  got 
worse  again  when  rationing  was  abolished.  However,  no  further  cases 
of  severe  xerophthalmia  were  reported.  Generally  speaking,  the  spo- 
radic occurrences  of  xerophthalmia  observed  in  European  and  North 
American  children  during  the  19th  and  early  20th  Centuries  were 
associated  with  special  circumstances,  resulting  from  the  improper 
feeding  of  infants  and  young  children  among  the  poorer  classes  of 
society. 

The  prevalence  of  xerophthalmia,  including  keratomalacia,  was  high 
in  the  Japanese  population  before  the  Second  World  War.  This  situa- 
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tion  has  improved  considerably  and  no  more  cases  have  been  reported 
over  the  last  ten  years.  It  is  quite  different  in  other  parts  of  the  world 
such  as  South-East  Asia  and  some  parts  of  Africa  and  Latin  America 
where,  with  varying  degrees  of  severity,  the  condition  remains  highly 
prevalent.  It  is  estimated  that  at  present  between  50,000  and  100,000 
children  become  blind  every  year  because  of  keratomalacia  and  the 
number  of  humans  presenting  either  hypovitaminosis  A  or  the  milder 
forms  of  xerophthalmia  still  ranges  in  the  millions.  We  are  therefore 
deaUng  with  a  pubhc  health  problem  of  great  magnitude. 

The  condition  is  highly  prevalent  in  South  India,  Bangladesh,  Nepal, 
Indonesia  and  the  Philippines.  According  to  the  Indian  Government 
estimates  there  are  about  13,000  cases  of  keratomalacia  a  year  in  the 
whole  country.  This  would  give  a  calculated  prevalence  of  corneal  scars 
of  about  2.4  per  10,000  children.  In  Indonesia  the  prevalence  of  corneal 
scars  is  approximately  3  per  10,000  children.  Xerophthalmia  has  disap- 
peared or  decreased  to  small  numbers  in  Singapore,  Malaysia,  Sri 
Lanka,  Thailand  and  China  where  it  was  once  highly  prevalent.  Little 
information  is  available  from  the  Near  and  Middle  East  but  indications 
are  that  the  situation  has  considerably  improved  during  the  last  ten 
years.  In  Jordan,  for  instance,  McLaren  and  Patwardhan  were  able  to 
study  hundreds  of  cases  of  xerophthalmia  and  keratomalacia  in  the 
period  1963-65;  it  would  probably  be  difficult  today  to  identify  a  new 
case  of  keratomalacia.  Nevertheless,  cases  of  xerophthalmia  are  often 
still  seen  in  hospitals  in  Afghanistan.  In  Africa  the  two  regions  most 
affected  are  the  Sahelian  Region  including  Mali,  Upper  Volta,  Chad, 
Niger  and  the  Northern  part  of  Nigeria,  and  East  Africa  including 
Kenya,  Tanzania,  Zambia,  and  Rwanda.  However,  keratomalacia  is 
rarely  seen  in  these  countries,  the  avitaminosis  A  being  limited  to  the 
milder  forms  of  xerophthalmia.  Hypovitaminosis  A  does  occur  in  some 
countries  of  the  Latin  American  and  Caribbean  region.  Xerophthalmia 
exists  in  North-East  Brazil  and  in  El  Salvador,  and  in  a  recent  survey  in 
El  Salvador  it  was  estimated  that  10  to  15  new  cases  of  blindness  due  to 
keratomalacia  occurred  each  year.  Haiti  has  an  exceptionally  signifi- 
cant problem  of  xerophthalmia  with  a  sizeable  number  of  cases  of 
keratomalacia,  with  probably  more  than  100  children  becoming  totally 
or  partially  blind  every  year. 

Comparing  today's  situation  with  that  of  20  years  ago,  it  becomes 
clear  that  xerophthalmia  is  on  the  decUne  almost  everywhere  and  is 
limited  now  to  some  well  defined  regions.  Professor  Oomen  reported 
recently  that  when  revisiting  Java  after  15  years  absence,  he  had  been 
impressed  by  the  sharp  decrease  in  the  number  of  xerophthalmia  cases 
in  hospitals  where  he  had  previously  worked.  This  decUne  can  some- 
times be  attributed  to  some  specific  action,  but  where  none  has  been 
taken  it  is  due  to  the  general  improvement  in  socio-economic  and 
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environmental  conditions,  including  a  higher  level  of  sanitation.  This  is 
not  exceptional  if  one  looks  at  the  general  evolution  of  health  problems 
during  the  last  50  years. 

If  we  look  at  the  crude  death  rates  for  a  few  countries  where  informa- 
tion is  available,  a  downward  trend  is  evident  in  all  (Figure  1). 
The  rates  have  steadily  declined  during  the  past  50  years,  although  at 
different  rates— slowly  in  developed  countries,  where  good  progress  had 
already  been  made  before  1915,  and  much  faster  in  developing  coun- 
tries, where  the  decUne  began  much  later  (see  Figure  2).  In  the  develop- 
ing countries,  death  rates  have  often  been  halved  in  the  last  two 
decades. 

According  to  McKeown  and  Record^  the  influences  responsible  for 
the  mortality  decUne  in  the  second  half  of  the  19th  Century  are  (a)  the 
rising  standard  of  living,  of  which  the  most  significant  feature  is  im- 
proved diet  which  is  probably  responsible  for  the  decline  of  tuberculo- 
sis; (b)  the  hygienic  changes  introduced  by  the  sanitary  reformers 
(responsible  for  the  decline  of  the  typhus-typhoid  and  cholera  groups); 
and  (c)  a  favourable  trend  in  the  relationship  between  the  infectious 
agent  and  the  human  host,  which  accounts  for  the  decUne  of  mortality 
from  scarlet  fever  and  may  have  contributed  to  that  from  tuberculosis, 
typhus,  and  cholera. 

In  many  countries  a  marked  drop  in  the  death  rate  occurred  in  the 
period  1945-1955,  after  the  introduction  of  antibiotics  and  initiation  of 
campaigns  against  tuberculosis  and  malaria,  two  diseases  previously 
widespread  in  many  countries.  However,  it  should  be  remembered  that 
during  the  past  50  years  and  especially  since  the  last  war,  hving  stand- 
ards, environmental  conditions,  and  educational  levels  have  improved 
markedly  in  many  countries.  These  factors  have  directly  or  indirectly 
contributed  to  lower  death  rates,  although  it  is  difficult,  if  not  impossi- 
ble, to  identify  the  role  played  by  any  single  one.  In  a  few  cases  one 
factor  seems  to  have  been  predominant,  such  as  in  Sri  Lanka,  but  this  is 
exceptional.  The  sudden  decline  in  the  death  rate  observed  in  Sri  Lanka 
after  1947  can  probably  be  attributed  to  the  introduction  of  a  very 
efl[icient  malaria  eradication  campaign. 

Death  rates  from  infectious  diseases  are  declining  in  almost  every 
country,  owing  to  improved  living  conditions,  advanced  sanitation, 
better  medical  care,  and  a  wide  use  of  antibiotics,  insecticides  and  other 
specific  control  measures.  In  the  case  of  tuberculosis,  for  example,  the 
general  trend  is  downward,  and  most  pronounced  in  the  period  1950- 
1955  (see  Figure  3).  The  accelerated  decUne  is  probably  related  to  the 
widespread  use  of  two  effective  methods  of  control,  i.e.  vaccination  with 
BCG  and  specific  chemotherapy. 

Among  death  rates  from  nutritional  deficiences,  those  of  pellagra  in 
the  USA  (W.H.  SebreU,  personal  communication)  provide  an  interest- 
ing example  (see  Figure  4). 

^  McKeown,  T.  and  Record,  R.G.  Reasons  for  the  decline  of  mortality  in  England  and 
Wales  during  the  19th  Century.  Population  Studies,  16,  1962-63,  p.  94. 
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Figure  1 
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Figure  3 


DEATH  RATE  FROM  TUBERCULOSIS  ,  ALL  FORMS  i  PER  100  000  POPULATION 
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Figure  4 

DEATH  RATE  FROM  PELLAGRA  IN  THE  USA,  PER  100000  POPULATION 
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Source:  W.  H.  Sebrell,  personal  communication 
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Niacin  was  discovered  in  1938,  and  its  addition  to  bread  became  wide- 
spread in  1941.  The  decline  in  deaths  from  pellagra  began  a  long  time 
before  niacin  was  discovered.  Foods  that  could  prevent  pellagra  were 
known  long  before  then,  and  it  is  likely  that  the  continued  improve- 
ment in  the  daily  diet  was  the  main  factor  responsible  for  the  disappear- 
ance of  this  disease.  The  discovery  of  niacin  appears  to  have  played 
only  a  small  part. 

The  death  rate  from  beriberi  in  Japan  was  high  from  1915  to  1930, 
reaching  a  peak  of  46.5  per  100,000  population  in  1924,  over  half  the 
cases  being  infantile  beriberi  (see  Figure  5). 

Figure  5 

DEATH  RATE  FROM  BERI-BERI  IN  JAPAN,  PER  100  000  POPULATION 
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Source;  Kowosaki,  C,  From  natural  thiomine  to  synthetic  thiomine:  the  brief  history 
of  thiomine  preparotions  in  Jopon,  in:  Review  of  Joponese  literoture  on  beri-beri  and 
thiamine,  N.  Shimazono  and  E.  Kotsura  editors,  p.  293.  Vitamin  B  Research  Committee 
of  Japan,  CI  inicol  Nutrition,  Foculty  of  Medicine,  Kyoto  University,  Kyoto,  Japan,  1965. 

Increased  consumption  of  undermilled  rice  probably  resulted  in 
reduced  beriberi  death  rates  before  1935.  Pure  thiamine  preparation 
l^ecame  available  in  1935  and  synthetic  thiamine  in  1939,  resulting  in  a 
further  decline  in  death  rates  from  18.0  to  9.2  per  100,000  population  in 
1941.  Death  rates  continued  to  decline  in  subsequent  years  in  inverse 
proportion  to  increased  production  of  synthetic  thiamine.  Although 
total  consumption  of  thiamine  increased,  thiamine  intake  from  foods 
decreased  during  the  period  1949-1961  from  1.60  mg  to  1.04  mg  a  day. 
Actual  intakes  were  considerably  higher  than  these  figures  indicate, 
due  to  enriched  foods  and  the  widespread  habit  of  daily  self- 
medication  with  thiamine  or  multivitamin  tablets. 

The  factors  responsible  for  the  control  of  infectious  or  specific  nutri- 
tional deficiency  diseases  are  usually  difficult  to  determine.  Such  cases 
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as  the  sudden  decline  in  death  rate  observed  in  Sri  Lanka  or  the 
decrease  of  endemic  goitre  in  Colombia,  which  can  both  be  attributed 
to  specific  measures,  are  rare.  Usually  specific  measures  are  taken  at  a 
time  when  socio-economic  and  environmental  conditions  are  also  im- 
proving and  are  already  positively  affecting  the  general  trends  of  mor- 
tality and  morbidity  rates.  In  these  cases  it  becomes  difliicult  to  evaluate 
the  effect,  if  any,  of  the  specific  control  measures  being  taken.  The  latter 
probably  helped  consolidate  the  trends  in  progress. 

In  regard  to  endemic  goitre,  we  have  reasonably  accurate  evaluations 
of  preventive  campaigns  based  on  iodization  of  salt,  as  in  Guatemala, 
Colombia  and  India  (see  Figure  6). 

Figure  6 

PREVALENCE  OF  ENDEMIC  GOITRE  IN  COLOMBIA  (%) 
90,  , 


1945  1950  1952  1965 

Year  amo  91183 

In  Colombia  the  prevalence  of  endemic  goitre,  after  the  introduction  of 
iodized  salt  in  1950,  fell  from  83.1  per  cent  in  1945  to  33.9  per  cent  in 
1952,  and  to  1.8  per  cent  in  1965  (see  Figure  6).  It  should,  however,  be 
remembered  that  in  Switzerland,  the  decline  in  the  prevalence  of  en- 
demic goitre  and  of  the  associated  condition,  i.e.  cretinism,  began  a 
long  time  before  the  iodization  of  salt  was  introduced.  A  major  factor  in 
this  case  was  the  construction  of  roads  which  made  exchanges  between 
the  populations  of  the  valleys  and  the  outside  world  possible,  enabling 
the  former  to  import  foods  which  were  not  deficient  in  iodine,  as  was 
the  case  for  food  grown  locally.  The  role  of  iodized  salt  merely  was  to 
complete  the  eradication  of  endemic  goitre  and  to  consolidate  the 
trends  that  were  already  apparent  before  the  introduction  of  the  fortifi- 
cation programme. 
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In  the  case  of  avitaminosis  A,  and  however  favourable  the  general 
trends  might  be,  there  are  still  milUons  of  people  in  a  state  of  hypovita- 
minosis  A  or  presenting  the  signs  of  xerophthalmia  and  thousands 
becoming  blind  every  year  from  keratomalacia.  What  are  the  possibih- 
ties  for  prevention?  There  are  several  methods  which  are  simple  in 
principle;  their  application  however  is  complex  and  difficult,  and  not 
always  effective.  This  is  understandable  in  view  of  the  inter- 
relationship which  exists  between  xerophthalmia,  PEM  and  underde- 
velopment. 

The  best  and  most  rational  way  to  improve  the  vitamin  A  status  of  a 
population  is  by  changing  its  dietary  pattern  so  that  it  provides  suffi- 
cient quantities  of  preformed  vitamin  A  and  of  carotenes.  The  question 
has  been  raised,  whether  it  is  possible  to  cover  the  requirements  of  the 
young  child  on  a  strictly  vegetarian  diet,  without  the  addition  of  milk 
and  other  dairy  products.  Although  this  is  possible,  there  is  no  doubt 
that  a  diet  containing  some  preformed  vitamin  A  will  always  offer  a 
greater  margin  of  safety  than  one  containing  carotenes  only,  unless  one 
of  these  foods  is  very  rich  in  carotene,  as  in  the  case  of  palm  oil. 
Nevertheless,  carotenoid  provitamins  are  best  utilized  at  low  levels  in 
the  diet.  As  the  dietary  level  increases,  the  efficiency  of  conversion  to 
vitamin  A  decreases  markedly.  Changing  the  dietary  pattern  of  a  popu- 
lation is  a  long  range  affair  which  is  fraught  with  difficulties,  and  is 
usually  limited  by  economical  constraints.  However,  these  changes  are 
no  doubt  largely  responsible  for  the  improvement  of  the  vitamin  A 
status,  and  the  disappearance  of  xerophthalmia  in  Europe,  North 
America,  China  and  Japan. 

In  order  to  improve  the  vitamin  A  status  more  rapidly,  one  may 
resort  to  a  short-cut,  i.e.  the  fortification  of  foods  with  vitamin  A.  This  is 
usually  a  low-cost  procedure  in  view  of  the  low  price  of  vitamin  A, 
which  has  been  produced  synthetically  since  1950.  The  problem  is  to 
identify  a  vehicle  which  will  be  consumed  by  every  member  of  the 
population  and  especially  those  at  greatest  risk.  One  of  the  first  that  was 
used  for  fortification  was  margarine.  It  is  generally  fortified  with  vita- 
mins A  and  D.  The  level  of  vitamin  A  fortification  varies  between 
15,000  and  50,000  lU  per  kg.  In  the  United  States  the  level  is  33,000  lU 
per  kg.,  of  which  two  thirds  are  in  the  form  of  retinol  and  one  third  in 
the  form  of  beta-carotene;  the  proportion  depends  on  the  degree  of 
colour  preferred.  Margarine  is  now  fortified  with  vitamin  A  in  25 
countries.  Compulsory  fortification  is  in  force  in  Denmark,  India,  Italy, 
Norway,  Sweden  and  the  United  Kingdom,  while  in  other  countries  it  is 
done  on  a  voluntary  basis. 

At  present,  skim  milk  powder  is  also  fortified  using  beadlets  contain- 
ing vitamin  A  and  vitamin  D.  Skim  milk  powder  donated  by  the  United 
States  for  supplementary  feeding  programmes  is  usually  fortified  with 
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50,000  lU  of  vitamin  A  per  kg.  In  developing  countries,  where  PEM  is 
frequent,  if  possible,  vitamin  A  should  be  given  together  with  adequate 
protein  to  ensure  proper  and  maximum  utilization  of  the  vitamin. 

Sugar  has  been  identified  as  a  suitable  vehicle  in  Guatemala  and 
Costa  Rica.  It  is  consumed  by  the  whole  population  in  both  countries, 
the  daily  per  capita  consumption  varying  little.  Supplementation  does 
not  appreciably  change  the  organoleptic  properties  of  the  vehicle  and 
its  nature  and  cost  make  the  supplementation  process  economically 
feasible  on  an  industrial  scale.  Dry  vitamin  A  palmitate  in  a  water 
miscible  form  is  used.  Tests  of  physical  stability,  biological  effective- 
ness, flavour  and  acceptability  have  all  proved  favourable.  The  cost  of 
fortification  represents  approximately  1  per  cent  of  the  retail  price  and 
it  is  entirely  absorbed  by  the  manufacturers. 

Tea  fortification  is  presently  being  considered  in  Pakistan,  and  the 
fortification  of  monosodium  glutamate  in  the  Phihppines  where  this 
product  is  widely  used  as  a  flavouring  agent. 

There  is  no  doubt  that  food  fortification  with  vitamin  A  is  an  eff'ective 
method  of  improving  a  population's  vitamin  A  status.  The  identifica- 
tion of  a  vehicle  that  will  reach  the  population  at  risk  is  essential  and 
this  is  well  demonstrated  by  the  case  in  India,  where  the  fortification  of 
margarine  has  failed  to  protect  the  population  at  risk.  Margarine  is  too 
expensive  for  the  lower  classes  and  its  consumption  is  therefore  limited 
to  the  higher  classes  of  the  population.  In  the  case  of  Guatemala,  sugar 
is  consumed  by  all  classes  and  it  appears  therefore  that  this  measure  is 
likely  to  improve  the  vitamin  A  status  of  the  entire  population. 

An  alternative  approach,  which  is  justified  in  the  presence  of  cases  of 
keratomalacia  leading  to  blindness,  is  the  periodic  administration  of  a 
large  dose  (200,000  lU)  of  vitamin  A  by  mouth  to  children  at  risk,  i.e. 
those  between  the  ages  of  12  and  60  months.  Part  of  the  dose  is  excreted 
during  the  days  immediately  following  the  administration,  but  approx- 
imately 60%  is  stored  in  the  body  and  is  utilized  during  the  following 
months.  This  method,  which  was  developed  by  the  Institute  of  Nutri- 
tion of  Hyderabad,  India,  has  been  implemented  in  India  and  Bangla- 
desh. In  India,  the  programme  w^as  initiated  in  1970  and  initially 
covered  19  districts  in  7  States  in  the  Southern  and  Eastern  parts  of  the 
country.  By  1974  it  covered  97  districts  in  14  States.  During  that  period 
the  number  of  pre-school  children  to  be  covered  rose  from  2.4  to  4.25 
million,  while  the  number  treated  increased  from  1  to  about  3  million. 
In  India's  next  5-year  plan  it  is  intended  to  increase  the  annual  cover- 
age to  12  million  children.  Among  the  problems  that  are  encountered  I 
will  mention  the  relative  lack  of  personnel,  inadequate  coordination, 
poor  record-keeping  and  the  lack  of  built-in  evaluation.  One  of  the 
major  difficulties  is  to  reach  the  children  every  six  months.  The  attend- 
ance rate,  which  is  approximately  85%  of  all  children  between  1  and  5 
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years  at  the  first  distribution  session,  drops  to  47%  at  the  second,  26%  at 
the  third  and  6.2%  at  the  fourth  and  final  session.  However,  the  percent- 
age prevalence  of  mild  signs  of  xerophthalmia  has  decreased  as  a  result 
of  the  campaign. 

Bangladesh  started  its  programme  in  January  1973,  the  objective 
being  to  reach  an  estimated  15  million  children  from  0  to  6  years. 
National  malaria  eradication  programme  personnel  were  given  the 
responsibiUty  of  distributing  the  capsules.  It  is  estimated  that  about 
65%  of  the  children  are  reached  by  the  programme.  The  incidence  of 
cases  of  xerosis  is  reported  to  have  dropped  as  a  result  of  the  campaign 
but  the  incidence  of  keratomalacia  appears  to  have  remained  un- 
changed. 

A  similar  programme,  sponsored  by  AFOB,  was  launched  in  Indone- 
sia in  1973  as  a  2-year  pilot  project.  The  target  population  was  100,000 
children  between  the  ages  of  12  and  48  months  in  three  provinces  of 
Java.  Approximately  15%  of  the  target  population  were  unable  to  be 
reached  for  various  reasons.  The  85%  of  children  who  received  the  first 
capsule  also  received  the  second.  Lack  of  cooperation,  the  migration  of 
people,  and  intolerance  to  a  high  dosage  of  vitamin  A  were  major 
difficulties.  In  a  similar  study  conducted  simultaneously  to  evaluate  the 
effectiveness  of  the  method,  it  was  observed  that  there  was  significantly 
less  night  blindness,  conjunctival  xerosis  and  Bitot's  spots  six  months 
after  the  first  distribution  of  capsules. 

In  El  Salvador  a  pilot  trial  was  undertaken  in  1973.  Every  child 
between  1  and  5  years  attending  a  distribution  centre  during  a  mass 
measle  vaccination  campaign  received  twice  during  that  year  a  capsule 
containing  200,000  lU  of  vitamin  A  and  40  lU  of  vitamin  E.  It  is 
estimated  that  approximately  80%  of  the  target  population  was 
reached.  A  thorough  review  of  hospital  records  for  cases  of  corneal 
destruction  was  undertaken.  It  showed  that  almost  half  of  the  patients 
who  were  hospitalized  for  corneal  destruction  were  ineligible  for  partic- 
ipation in  the  programme;  a  third  were  under  one  year  and  12%  over  6 
years.  Even  if  these  factors  are  taken  into  account,  the  programme 
failed  to  influence  the  occurrence  of  keratomalacia. 

It  appears  that  this  method  has  not  met  all  the  ex:pectations  that  were 
placed  on  it:  if  an  improvement  in  the  vitamin  A  status  of  population 
groups  has  usually  been  observed,  it  has  failed  to  protect  children 
against  keratomalacia  and  blindness,  which  is  the  first  and  main  objec- 
tive of  this  type  of  programme.  The  reasons  for  such  failure  are  proba- 
bly multiple  and  one  can  hst  the  following  ones: 

(a)  The  difficulty  of  reaching  every  child  in  the  selected  age  group.  It  is 
likely  that  those  children  who  are  not  reached  are  those  at  greatest  risk 
of  malnutrition  and  keratomalacia. 

(b)  The  fact  that  the  age  group  selected  for  the  distribution  programme 
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is  too  narrow,  as  in  El  Salvador.  One  should  remember,  however,  that 
any  broadening  of  the  group  is  costly  in  terms  of  manpower  and  sup- 
plies. The  opposite  may  also  be  true,  and  one  should  perhaps  try  to 
narrow  down  the  group  of  children  participating  in  the  programme  to 
those  at  greatest  risk  of  becoming  malnourished. 

(c)  The  drop-out  rate  from  one  distribution  to  the  following  one  may  be 
extremely  high,  as  exemplified  in  India.  This  rate  may  be  influenced  by 
the  type  of  personnel  used  for  the  distribution  programme. 

(d)  The  interval  between  two  distributions  may  be  too  long. 

S.  Pereira,  working  at  the  C.M.C.  of  Vellore,  has  published  a  series  of 
papers  indicating  that  the  protection  provided  by  a  single  dose  of 
200,000  lU  does  not  exceed  four  months.  Reducing  the  interyal 
between  two  distributions  from  6  to  4  months  would  increase  the 
number  of  distributions  a  year  and  consequently  the  total  cost  of  the 
programme,  and  could  also  result  in  a  greater  drop-out  rate.  It  is 
however,  interesting  to  report  a  recent  investigation  by  Sinha  and  Bang 
in  West  Bengal  using  the  4-month  schedule.  The  authors  concluded 
that  "the  results  thus  confirm  that  a  massive  dose  programme  may  be  a 
suitable  short-term  measure  to  reduce  the  incidence  of  vitamin  A  defi- 
ciency and  presumably  its  dreadful  sequelae  such  as  irreversible  blind- 
ness." 

(e)  The  administration  of  vitamin  A  to  an  already  malnourished  child 
presenting  PEM  could  be  ineffective  for  lack  of  RBP  to  transport  and 
activate  the  retinol. 

These  are  questions  which  urgently  require  both  operational  and 
clinical  research.  Until  we  have  better  answers,  it  seems  hazardous  to 
recommend  governments  to  undertake  costly  programmes  of  periodic 
administrations  of  large  doses  of  vitamin  A,  unless  these  are  carefully 
evaluated  as  they  progress  and  the  necessary  modifications  introduced 
as  warranted  by  the  results  of  present  research.  This  may  seem  disap- 
pointing when  one  remembers  the  programme  of  control  of  rickets 
which  was  launched  40  to  50  years  ago  in  Western  Europe  and  North 
America.  In  this  programme  infants  and  young  children  received  a 
large  dose  of  vitamin  D  twice  a  year  or  at  least  once  immediately  before 
the  winter.  This  programme  apparently  was  very  successful  in  eliminat- 
ing rickets  from  these  regions  and  it  is  still  continued  in  some  countries. 
Margarine  and  dairy  products  were  also  fortified  with  vitamin  D  very 
shortly  after  the  initiation  of  these  campaigns  and  this  contributed  to 
the  improvement  of  the  situation.  The  conditions  for  implementing  the 
vitamin  D  distribution  programme  were  obviously  very  different  from 
those  encountered  in  India  and  Indonesia.  The  programme  was  aimed 
at  a  population  which  enjoyed  higher  standards  of  Uving  and  educa- 
tion, could  readily  purchase  the  vitamin  D  and  could  rely  on  the 
services  of  a  more  or  less  well  structure  organization  for  the  protection 
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of  the  mother  and  child.  This  situation  is  vastly  different  from  that 
encountered  in  developing  countries  and  could  explain  the  disparate 
results.  The  differences  in  health  coverage  will  not  easily  nor  shortly  be 
reduced,  and  will  require  the  training  of  health  personnel  and  the 
development  of  educational  material  adapted  to  the  socio-economic 
and  cultural  setting.  Health  personnel  at  all  levels  must  be  able  to 
recognize,  treat  and  prevent  xerophtha^.nia  in  all  areas  where  this 
condition  is  endemic. 

In  summary,  it  appears  that  all  three  methods  depend  on  the  level  of 
socio-economic  development.  Improvement  of  the  dietary  pattern  can 
be  done  independently  of  the  latter,  but  any  change  for  the  better  in  the 
socio-economic  situation  will  greatly  accelerate  it.  Food  fortification 
can  hardly  be  carried  out  in  the  less  developed  countries  since  it  is 
impossible  to  implement  in  populations  living  at  subsistence  level.  A 
certain  degree  of  sophistication  in  the  processing  and  marketing  of 
foods  is  required  in  order  to  make  it  successful.  It  is  only  because 
Guatemala  and  Costa  Rica  have  already  reached  a  considerable  degree 
of  development  that  a  food  fortification  programme  can  be  implement- 
ed with  a  reasonable  degree  of  confidence  in  these  two  countries.  As  for 
vitamin  A  distribution  programmes  aimed  at  preventing  keratomalacia 
and  blindness,  we  should  remember  that  these  conditions  are  generated 
by  malnutrition,  poor  sanitation,  ignorance  and  poverty,  all  of  them 
characteristic  of  underdevelopment.  The  success  of  any  programme 
will  therefore  heavily  depend  on  the  relative  level  of  development  or 
underdevelopment  of  the  country  where  it  is  implemented.  It  appears, 
therefore,  that  complete  control  of  xerophthalmia  will  only  occur  in 
those  countries  where  the  conditions  are  favourable.  Elsewhere 
progress  will  be  difficult  and  slow;  a  rapid  breakthrough  cannot  be 
expected.  Programmes  incorporating  simultaneous,  complementary 
measures  might  be  necessary  and  the  involvement  of  the  community  to 
implement  the  latter  should  not  be  overlooked  as  it  may  represent  a 
major  element  of  success. 

Finally,  these  programmes  must  be  compatible  with  the  resources  of 
individual  countries  and  the  priorities  as  set  up  by  each  government. 
This  is  a  prerequisite  for  the  success  of  any  prevention  programme  and 
cannot  be  achieved  without  the  support  and  understanding  of  high 
level  government  officials  who  must  be  associated  with  any  programme 
of  control  from  its  inception. 


16 


HV2332  DeMaeyer,  Edouard  M.  c.l 
D390  XEROPHTHALMIA. 


(1976) 

Date  Dtie 


AMERICAN  FOUNDATION  m  THE  Bim 
15  WEST  15th  STREET 
NEW  YORK,  N.Y.  lOOlI 


Printed  In  U.SA 


M.C.  MIGEL  MEMORIAL  LIBRARY 
American  Foundation  for  the  Blind 

15  West  16th  Street,  New  York,  New  York 
10011 


